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GROUND=TO-ATR COCHANNEL INTERFERENCE AT 2900 Mc 


P. Ase Rice, We Ve Mansfield and Je We Herbstreit 
National Bureau of Standards 
Boulder, Colorado 


ABSTRACT 


Estimates are given of average ground-to-air interference for a 
ground installation utilizing a Bendix ASR=1 vertically polarized antenna 
operating at 2900 Mc. Coverage is defined in terms of 0, 6, 12, and 
18-db protection ratios'with respect to a similar installation sending 
out an undesired signal, with station separations of 10, 50, 100 and 
150 miles being considered. "Coverage" here is not synonymous with the 
usual concept of service, for no minimm signal is taken into account, 
but only the ratio between desired and undesired field strengths. 
Limitations of the estimates are discussed, and their derivation is ex- 
plained in an appendix to the report. 


1. INTRODUCTION 


This report was prepared at the suggestion of the Air Navigation 
Development Board. Estimates are given of average interference-limited 
coverage to be expected from a ground installation utilizing a Bendix 
ASR=1 antenna in the presence of undesired signal from a similar 
installation. Provisional estimates of this coverage, defined in the 
great circle plane between the two ground stations, have been derived 
for station separations of 10, 50, 100 and 150 statute miles. 


No attempt is made to define a minimum usable signal from the 
desired station; service is assumed to be limited only by cochannel 
interference. The volume of space within which the ratio of desired to 
undesired signal is equal to or greater than a given protection ratio is 
defined as completely free from interference. Once a protection ratio 
is assigned, "interference" becomes an either/or proposition and there 
is no room for degrees of interference. To present an adequate picture 
of varying degrees of interference, it is necessary to consider several 
ae protection ratios. The ratios chosen here are 0, 6, 12 and 
10 db. 


Further conditions assumed in the coverage calculations are: 1) 
transmission through a standard atmosphere’ over a smooth spherical earth 
having the ground constants of good ground, 2) a frequency of 2900 Mc, 
3) vertical polarization, and )) ground installations of equal power 
radiated from ASR-1 antennas oriented towards each other. The effect of 
standard atmospheric refraction is included by using the customary 
four=thirds earth radius. 


The ASR=1 was designed to fill in nulls in the service pattern by 
discriminating against ground-reflected rays, as is shown by the free- 
space vertical radiation pattern of the antenna in Fig. lj. This 
discrimination also reduces the interference from the nearby facility 
in the region of air space around the desired facility. 


The frequency involved here is such that practical antennas are 
many wavelengths high, so that there are a great many lobes in the 
signal pattern. For instance, there are thirty-one lobes in the first 
ten degrees above the radio horizon in the case of 2900 Mc radiated 
from an antenna 30! high. The interference pattern resulting from the 
interaction of the lobe structures of the desired and interfering stations 
is very complicated for any usual combination of ground antenna heights. 
Also, the positions of the lobes from each station would change constant— 
ly with variable atmcspheric conditions. 


It was decided in attacking the problem of estimating interference- 
free coverage to make our computations independent of ground antenna 
heights. How this was done will be explained later in the report. 
Reference should be made to Fig. 15 to see what an interference pattern 
looks like for the particular case of two ground antennas, both 30! 
high and with a separation of 150 miles between them. The shaded area 
in this figure is the interference~limited coverage calculated for a 
12 db protection ratio. A larger protection ratio would result mainly 
in less coverage above the radio horizon of the undesired station. The 
dashed lines in the figure are the radio horizons of the ground stations. 
The dotted lines are 12-db reference curves calculated independently of 
ground antenna heights by a method described below. 


It may be seen from Fig. 15 that the service area of the desired 
station is limited essentially by a curve running along the radio horizon 
of the interfering station and that part of the inner dotted curve which 
lies above the radio horizon of the interfering station. Whether this 
general character will hold for other antenna heights and other separa- 
tions between facilities has not been completely investigated as yet. 
However, it is felt that a satisfactory estimate of interference-free 
coverage may be obtained from such an approximation. 


2e USE OF CURVES 


Figs. 1 through 12 are grouped by station separation. Figs. 1 
through 3 refer to the’ 10-mile separation of stations, ), through 6 to 
the 50-mile separation, 7 through 9 to the 100-mile separation, and 
10 through 13 to the 150-mile separation. The first figure for each 
separation has three graphs on it, corresponding to the three protec= 
tion ratios of 6, 12 and 18 db. Each of the graphs shows 1) an area of 
solid inking where interference-free coverage is always expected, regard= 
less of ground station antenna heights, 2) a shaded area where the inter 


ference pattern is a function of the combination of ground antenna heights, 
and 3) at the extreme right of the graph an area of no shading where 
interference always may be expected. The second figure for each sep= 
aration shows the areas where interference-—free coverage is expected for 
any combination of ground antenna heights, with 0, 6, 12 or 18 db pro~ 
tection ratios. This figure in each case shows coverage under "worst" 
conditions. The third figure for each separation shows where interference 
is always expected, regardless of the choice of ground antenna heights. 
This figure shows coverage under "best" conditions. 


Fig. 13 groups all the curves derived for the 150-mile separation 
of stations. 

To estimate the interference-free coverage for a given protection 
ratio and pair of ground antennas, we define as "free from interference" 
that area which is below the appropriate curve in the figures for cover= 
age under "worst" conditions. There is an additional wedge of coverage 
below the horizon of the undesired station. This wedge continues to a 
distance just short of the intersection of the radio horizons of the 
desired and undesired stations. Referring again to Fig. 15, it will be 
seen that this simple method of estimating interference-free coverage 
gives very nearly the entire coverage to be expected. 


With a higher antenna at the undesired station, the boundaries of 
coverage will approach the curves dotted in Fig. 15, but will never cross 
over then. 


3- DERIVATION OF THE CURVES 


Let M! and M" be defined as proportional to field strengths at 
lobe maxima of the desired and undesired stations, respectively; sinm- 
ilarly, let m!' and m" be'proportional to field strengths at lobe minima, 
The curves of Figs. 2, 5, 8 and 11 correspond to points in space where 
the ratio m'/M" equals the indicated protection ratio. The curves of 
Figs. 3, 6, 9 and 12 correspond to points where the ratio M'/m" equals 
the indicated protection ratio. These same curves are the boundaries of 
the shaded areas of Figs. 1, h, 7 and 10. 


The curve separating the solid inking and shaded areas of the 6—db 
graph in Fig. 10 (which is the same as the 6=db curve of Fig. 11) 
corresponds to all points where the ratio m'/M" equals 6 db. This is 
called coverage under "worst" conditions because m'/M" is a ratio of 
a mimimum desired to a maximum undesired signal. Such a curve indicates 
the points where the minimum of a desired signal lobe corresponding to 
a specified field strength F (in db) could be made to coincide with the 
maximum of an undesired signal lobe of (F — 6) db. Every point on such 
a curve corresponds to a different combination of ground antenna heights. 
Within the curve there will always be more than 6-db protection with any 


combination of antenna heights. There is a similar interpretation for 
the other curves. The appendix to this report describes in more detail 
just how the curves were obtained. 


The effect of antenna height on field-strength ratios below the 
horizon of either antenna is neglected in our treatment of this problem 
which makes use only of four-thirds earth interference theory to arrive 
at a solution. No computed point on any graph corresponds to regions 
beyond the radio horizon of either antenna, for it was felt that the 
information to be gained by evaluating the signal below the horizons 
did not warrant the rather cumbersome computations involved. Curves 
are extrapolated to zero altitude, where actually no service is expect—- 
ed, and the interference estimates are most reliable at the higher™ 
altitudes. At low altitudes, lobe patterns would exist only for very 
high antennas, except where the stations are very close together, and 
curves in this report are to be interpreted as indicating average 
limits of realizable coverage for all possible ground antenna heights. 


APPENDIX 


A brief explanation is given in this appendix of the methods used 
to derive the curves of Figs. 1 through 13. For a fuller understanding 
of these methods reference may be made to the paper, "Service Range for: 
Air-to-Ground and Air-to-Air Comminications at Frequencies Above 50 Mc", 
by R. S. Kirby, J. W. Herbstreit and K. A. Norton, pages 525~536 of the 
Proceedings of the IRE, May, 1952. 


The last page of the above-mentioned paper gives a formula for the 
ratio of space-wave field strength to free-space field strength as a 
function of the grazing angle of a ground-reflected ray and the distance 
from the transmitter to receiver. This formula is stated in terms of 
the electrical path difference 9 between direct and reflected rays, 
the reflection coefficient IR| and phase lag (n-c) associated with 
ground reflection, and the divergence D of energy reflected from a con= 
vex spherical surface. This ratio is called "radio gain" in this report 
and is denoted by the symbol g: 


uh 
gar | a” + (end IR11)*— 22.2.0 |R'| cos (6 - °)] 23n3tbGt) 


where g, and g, are the antenna directivity voltage gain factors for the 
direct and grofind-reflected ray, respectively. This equation c.orresponds 
to a free-space transmitting antenna pattern which may show a varying 
discrimination against radiating voltage as a function of the angie of 
radiations examples would be high-gain and tilted-array installations 
where the ground-reflected ray is discriminated against. Referring to 
Fig. 1) of this report, antenna directivity voltage gain factors can 


differ markedly, depending upon the angle made with the horizontal by 
the direct and ground-reflected rays. 


As may be seen from eqe (1) maxima in a lobe diagram showing the 
locus of all points in space where a given field strength exists mst 
correspond to values of (@ = c) which are odd multiples of 180°, and, 
Similarly, minima correspond to values of (@ = c) which are even 
multiples of 180°, The quantity © is a function of antenna height, as 
is also the divergence'D. Simplifying our problem by not specifying . 
ground antenna heights, we consider only values of g corresponding to 
maxima or minima and assume D is unity at all points in space. (This 
is a fairly good approximation for the problem at hand.) The forma 
for g then becomes: 


Pa 


g= 2 +6, IR (2) 


with the free-space field Eps represented as: 


Ey 
Eos a iv. (3) 


where Ey is the field strength due to the direct ray alone at unit 
distance from the antenna in the direction of maximm gain and d is 
the distance to the point in space in question. 


Radio gain is a point function. With each point in space there 
is associated a value of g, d_the field at this point will be pro- 
portional to # , or equal to “2: in our present notation. The ratio 
r of field strengths E' and E" from the desired and undesired stations 
at a point d! miles from the desired station and d" miles from the un- 


desired station is then: 


r= fo (4) 


where g! and g" correspond to the radio gain g for the desired and un- 
desired stations at the point in question. 


In plotting our curves all the points in space were found for a 
given separation where the value of r was 8, 4, 2 or 1, corresponding 
to protection ratios of 18, 12, 6 and O db. Computations were made only 
for grazing angles up to 10°, extrapolating the vertical radiation 
pattern for the ASR-1 antenna between -° and -10°. The + or the = sign 
in eq. (2) was used to compute g! and g" according to whether we wanted 


These 


jred station maximum field 
ibe the boundaries of the shaded areas in Figs. l, 


maximum to undesired minimum field strength. 


jired station minimm to undes 


CO h 
® oO 
\& 
oi © 
ns 
@ 
Nd Hn 
See 
e 
SES 
a4 Or 
Oo at 
Goud 
SG it ee, 
orl 8 0 
Ppado 
eo oO ~ 
al icy 
ed a 
eo npit 


for 2900 Mc, a ground 
5 esu were 


emu and a dielectric constant of 1 


reflection coefficient |R'| 


In computing the 
conductivity of 107 


assumed. 


1800 
1600 
1400 
1200 
1000 
800 


of Equal Radiated Power at 2900 Mc 


AIR-TO-GROUND COMMUNICATION 


OVER A SMOOTH SPHERICAL EART 


Co-channel interference Study for Static 


ond Separated 10 Miles 


il 
il 


ne 
F Lh 
piv 
alta 
& 5 Hull 
aH 
3 llsssSal 


13934 40 SONVSNOHL NM FONLILIV 


© < a oS 2 © © ¢ 


LJ 


7 


$s 


DISTANCE IN STATUTE MILES 


Vertical Polorization 
Intermittent service 


ond Seporated 10 Miles 
Bendix ASR-| Transmitting Antenno 


M 


WB ier ference-tree service 


ZZ 


z 
Ss 
- 
a 
= 
z 
S 
2 
= 
3° 
° 
o 
z 
= 
° 
« 
°o 
: 
° 
e 
o 
« 
< 


OVER A SMOOTH SPHERICAL EARTH 


Co-channel Interference Study for Stations | 
of Equal Rodiated Power at 2900 Me 


10 . 
(Undesired Station) 


SATIS 
N 
VEX 
a 


139394 FO SONVSNOHL NI FONLILTV 


DISTANCE IN STATUTE MILES 


(Desired Station) 


Fig. 2 


Figs 1 


1994 0 SONVSNOHL M FONLILTV 


4F3d XO SONTSNOHL Mi PONLILTY 


§ 
By 36 53 g 
Beas rid g5 58.8 
3 “f ve tt zi gs fi 
pbgcd eal apart 
ao gee calif 5 o? bse ee HEHE 
Sé 2 Silt = Bp ee oaGei 
ox 33 38 fei 3 ES in 
se arbr sls i Seer aRaNE 
Ser cell § / 
esq) BU coer 3 : 
eG gu H 8 8 
<3 33 t+ RS 
BATT : as 
Se ay Sa EE SI 4 | | Ss 
4 3 8 : Pe 
‘AE ae: BERK y a 
Hs L x e H 4 g 
‘5 N 2 rove) s 
WN 3 i 
SSS VRE oH sole 
S ‘S SN RAW : = 
N B00 £5; San as rH HH ee = FE Or eis lee = — as mi it mt Ble 
N 4334 90 SONVSNOML M FONLILIW 
4924 9O SONWSNOHL MA FONLILTO 
43239 90 SQNVSNOHL MI FONLILTY 
FIONLILTE elt. ss 2 2 gy = 
. w@ rainy Bae ane 
is Ee NS ct Eerie 
ence eR H senn 
8: [ges ; 
so =8i3S | Ik = 
B. ssiees | : 
© 2ésis* = 
zese $s ie 
58" gsse ss g 
B85 ce thse 4 3 WwW 
eves es = & 
ge agse S say 5 : 
5 2 WSs = 5 sEgenee bo 
Ss EJ Sz L 5 e 4 eee y of 
i = Vt Seeeee 3 fy 
w 8 ’ 
oat (abseil a > ée 


af Equal Rodioted Power at 2300 Mc 
and 


Separated 50 Niles 


Bendix ASR-| Transmitting Antenna 
Vertical Polerizction 


PEEL 
st | 
GE 
Na 
aN 


Hanae 
see gaREEa 


LTS 90 SOMPSTOHL MI FORLILTO 


3000 
2800 
2600 
2400 
2200 
2000 
1800 
1600 
1400 
1200 
1000 
600 
600 


ee ao £2 Pa ever | 
\ a | AIR-TO-GROUND COMMUNICATION se | 
YU Gy Ye +] oe MERE OP Beh FS 
tH TLD» a ma 4] AIR-TO-GROUNO COMMUN! eS ee 
‘ey | OVER A SMOOTH SPHERICAL EARTH MIRRBeeee 
— "| Sega Reser ewe sscoe a | 
I Rod! . 
A orl Separated 100 Miles csesapere ses 
-| Transmitting Ante . 
j 90) eee eel Pebeieenonal ara aca 
; Os ‘oa i a ee ee 
VY > ECG EE a 
Wy. “| field strength aes et DG py 
MWYYLYZ. ete fs: | fears | — tr 
Y YT Pom. | a OE peice Pato 
: oe BEE SSS 
& S de Ea | 
. § bet tt Bue Be = 
Wi Sal Bee 
3 WLE ene es Se 
: WY “ ee ee 
: WY z Sacra I 
oe PSE SEE RSS 
y Vi,» | 
aes PERE EERE REE EEE ES 
| See me a ce 
i ge oe cana a ER 
Pm —\- Fa : ee SE oe a 
Li ao “ SN oe 
° eee 
en 1 EW eee 
De eR a ee 
0 
eee 
ey a a A We ee 
6 
Pa ee ese 
PAae Ae eee ies ee 
‘ oe alae ea ia 
oan 
‘ a a ee 
So 
, i eee 
vr 
DISTANCE IN STATUTE MILES ae Co Lami of DISTANCE IN STATUTE MILES % bat c 


(Desired Station) 


Ei gey Fig. 8 
“ re [ (Ee SEF OS eis, 
aes ee ne es 
“ —— AIR-TO-GROUND COMMUNICATION | + 
aes OVER A SMOOTH SPHERICAL EARTH 
oe Ea Co-channel Interference Study for Stations < 
fe es = @ of Equal Radiated Power at 2900 Mc 
aes ond Separated 100 Miles “ 
= Bendix ASR-! Transmitting Antenna = 
frail = H : Vertical Polarization 
x« 

' [cones | 5 ee 3s 
“ ee td Contours of equal desired fo undesired |__| 
22s eee ee ee field strength under ‘best* conditions | ~|™* 
l qioderencet| — | [| (assumes plane in moximum of lobe ea] 
% |} iterterensst | — |] from desired station and minimum of | —~% 
ef tee a a ol eS from undesired station) a 
gue CS) Y == a SS es 30 
(ee Se ae 
eee | ed ee tee ee 
| SSR ere EEE 
& aia | fies pes fae 
pees SS SSeS ces se 
2 eee te aye eee 
z mscsson ore In es ay ee SE Ke 
eas Bee ee ee ae OS a8 ba te = 
— Baa peares, {fxg 
5 <a ca ee Sea a aed OR eS 
[6ab] NG mest eee 3 
16} hes ene 
pas [EN Sees te 
“ in Stieeype ee 
5 Sy lig 
[| ea} \ Saees 
: =o Sat 
5 SaaS ae eels 
geregeoes = 
: 
Service} 6 
irs Peale eee — ee 
4 
aa BSS ies 
2 
ok 30 5 sie SS . 
° 0 80 ° 


° 
8 


OISTANCE IN STATUTE MILES 


8 


Fige 9 


= 


rotectlon-———__! | a 


=——) 


a 


4 

Uy 

GY: 
WYZZ 


y 


\\ 


Uyy, 


\ 


Y 


G 


BRon eo @ dS 


oe 


SS 


\ 


AN 


SON 


ALTITUDE IN THOUSANDS OF FEET 
Ww QQ 


\\N 
\\ 
A 


Z 


SS 


\\ 


\\ 
NN 


yy 


° 
(Desired Station) 


Bendix ASR-1 Transmitting Antenna 


‘“p 

WY} 
UMD, 
Wy WUYLYLYLUL 
WALLA YY 


Vertical Polarization 


[J 
GW, 


ty 


bi 
Yj <a 
Wy GY; 
Y, 
AMMO 


erally fests IN THOUSANDS OF FEET 


team 


LULU UY ty 


yyy 


UMMM 


DISTANCE IN STATUTE MILES 


Fige 10 


ALTITUDE IN THOUSANDS OF FEET 


es8SRPSRSSFRE KS eFsSC PSF SSSR FESsRTE 


Me 


150 ‘ 
(Undesired Station), 


AIR-TO-GROUND COMMUNICATION 
OVER A SMOOTH SPHERICAL EARTH 


Co-channel Interference Study for Stations 
of Equal Radiated Power at 2900 Mc 
and Separated: 150 Miles 


Bendix ASR-| Transmitting Antenna 
Vertical Polarization 


Contours of equal desired fo undesired 
field strength under “worst” conditions 
(assumes plane in minimum of lobe 
from desired station and maximum of 
lobe from undesired station) 


: 
i 


rt 
Ih 
i 


i 


i 


ALTITUDE IN THOUSANDS OF FEET 
8 
{ 


(Qe 
6 
ae 
: ae 
a ° [sdb TA 
AT, Aa 
‘et Aaa 
‘ See AZ eae 
Cee I 
z yr) be) 
° 10 
° 
66 
AIR-TO-GROUND COMMUNICATION ke 
OVER ASMOOTH SPHERICAL EARTH | 
Co-channel Interference Study for Stations Me 
of Equal Radiated Power at 2900 Mc 58 
and Separated 150 Miles 56 
Bendix ASR-| Transmitting Antenna 54 


Vertical Polarization 


Interference 
50 
Contours of equal desired fo undesired ae 
field strength under “best” conditions 46 
(assumes plane in maximum of lobe ||) .4 
from desired station and minimum of 

lobe from undesired station) ‘e 
db gs 
— 3B 
ca —— m 
= 4 

z = 32 

——{ ee a ee. 

ket > od) 

6db See S126 
eae = 

a ay 24 

ines = oa 2 

Se [3 

20 

T Interference 5 
16 

4 

= —f 12 

10 

ervice a 

s 

4 

40 50 60 70 90 90 100 nt 2 

35 30 ED 
DISTANCE IN STATUTE MILES Conan 


Pige le 


ALTITUDE IN THOUSANDS OF FEET 


60 2 
DISTANCE IN STATUTE MILES 


Fig. 11 


Seac5 
2S e5 
Ee 
[say = 
4 
feat 
os oe 
hoy = 
— S 
ea 
Sipe a a 


ONS ee S18 S56 6 BER SSIES eS SSCS AS 2S SS BE eR Sk 


ALTITUOE IN THOUSANOS OF FEET 


ALTITUDE IN THOUSANDS OF FEET 


ALTITUDE iN THOUSANDS OF FEET 


AIR-TO-GROUND COMMUNICATION 
OVER A SMOOTH SPHERICAL EARTH 
Co-channel Interference Study for Stations 
ef Equal Radlated Power of 2900 Mc 
and Separated |50 Miles 


Bendix ASR-1| Transmitting Antenna 
Vertical Polarization 


THIS FIGURE COMBINES FIGURES 
10, 11 AND 12 FOR COMPARISON 
Pacteavios Coverage under “Worst” 

Conditions (m'/M"*) 
Intermediate Estimotes 

(M'7M* ond m'sm*) 
Coverage under “Best™ 
Conditions (M'/m*) 


ALTITUDE IN THOUSANDS OF FEET 


w DISTANCE FROM DESIRED TRANSMITTER IN STATUTE MILES 


24 . 
a < AIR-TO-GROUND COMMUNICATION 
2 OVER A SMOOTH SPHERICAL EARTH 
Co-channel Interference Study for Stations 
20 of Equal Radiated Power at 2900Mc 


ond Separated 150 Miles - 
5 Bendix ASR-! Transmitting Antenna 
es : Vertical Polarization 


Example for 30 Foot Ground Antenna Heights 
and 12 db Protection Ratio 


Interference - tree Service 
prac Boundaries of Area of Intermittent Service 


SN 


° DISTANCE IN STATUTE MILES 100 
Undesired Station at 150 Miles —— 


Fig. 15 


10 


_ DECIBELS BELOW MAXIMUM GAIN 


VERTICAL RADIATION PATTERN 


[lcs ee eee 
a 
Se 
ENE 

ba 

\ | 
| \ 


faba es: OOS al Pala 


\ 


e 


SeeeeGeeu | 


seid] bs SS 


Seceaeeeo0cr 


AIR- TO-GROUND COMMUNICATION 
OVER A SMOOTH SPHERICAL EARTH 


Co-channel Interference Study for Stations 
of Equal Radiated Power at 2900 Mc 


Bendix ASR-! Transmitting Antenna 
Vertical Polarization 


8 6 4 a ° a 


DEGREES FROM HORIZONTAL 


Fig, i; 


‘i 


GAIN 


ay 


DECIBELS BELOW MAXIMUM 


